I. INTRODUCTION
Rare-earth (RE) impurities in III-V semiconductors have been arousing a keen interest in optoelectronics and device applications since some of the sharp luminescence spectra due to 4f 4f int-ra-atom transitions are observed in the infrared region. i Since 4f electrons occupy imperfectly the 4f orbitals of a rare-earth atom, we have a multiplet energy structure of 4f electrons due to electron-electron and spin-orbit interactions. z In spite of the complex multiplet structure, the multielectronic states of a rare-earth atom can be explained by a small number of parameters which are adjustable to the experimental photoluminescence (PL) spectra. s 4 The reason why the calculation of the multiplet structure agrees successfully with experiments is that the 4f electrons are screened by the outer electrons and that the multiplet structure in the host materials can be treated as that of an atom to a good approximation.
Experimentally the sharp photoluminescence peak of Theoretically the atomic spectra of a trivalent rareearth ion is well explained as mentioned above. The electron-electron interaction between 4f electrons has to be the largest ( 10 eV) in order to form the multiplet structure, 2g+il. Next comes the spin-orbit interaction, (~1 eV) and then the effect of the ligand field (~0.1 eV).
This energy scheme is different from the multiplet structure of the transition metals in which the ligand field of d electrons is as large as the electron-electron interaction, and the spin-orbit interaction is negligibly small. is This difFerence is due to the fact that the 4f orbitals are more localized in the atom compared with the 3d orbitals. The hierarchic nature of the interaction energy gave success to the perturbation theory of the multiplet structure in the early 1960s.
As Table I we show the reducible character for molecular orbitals, y"'", g""",y"'"", and y"""" for s, p orbitals at the nearest-and next-nearest-neighbor sites of a RE ion, respectively, and their decomposition into the irreducible representation of the Tq point group. Since the nearest-neighbor P 3p orbitals and the nextnearest-neighbor In 5s do not have the symmetry of I'2 as shown in Table I , the Mulliken charges of these orbitals in the I'q 4f level are almost zero (Table II) 
